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Abstract- A new low voltage CMOS infrared readout circuit 
using the buffer-direct injection method is presented. It uses a 
single supply voltage of 1.8 volts and a bias current of luA. 
The time-delay integration technique is used to increase the 
signal to noise ratio. A current memory circuit with faulty 
diode detection is used to remove dark current for background 
compensation and to disable a photodiode in a cell if detected 
as faulty. Simulations are shown that verify the circuit that is 
currently in fabrication in 0.5ym CMOS technology. 
Readout circuits for infrared imagers have many 
commercial, scientific and military applications which are 
continually expanding [I]-[5]. The main function of an 
infrared readout circuit is to transform a very small (nAs) 
diode incremental current, generated by ineared radiation, 
into a relatively large measurable output voltage. This is 
commonly done by integrating the photocurrent in a small 
capacitor during a fixed period of time. The capacitor's 
voltage at the end of the integration period should be 
proportional to the current and as such to the incident 
infrared radiation at a pixel corresponding to the location of 
the infrared diode photo sensor. Infrared imagers consist of 
linear or two dimensional arrays including a very large 
number of infrared photo sensors. These arrays are denoted 
linear or focal plane arrays (FPAs). Given that in the most 
general case each pixel of an image requires an individual 
readout circuit, the electronics associated to an infrared 
imager consists of a very large number (thousands) of 
readout circuits. The basic readout circuit is denoted "unit 
cell". Readout electronics is implemented as very large scale 
custom integrated circuits or ASICs in CMOS technology. 
Due to the fact that infrared imagers can have several 
thousand unit cells, the unit cell is required to be very 
compact, to have very low power dissipation and at the same 
time to have high performance characteristics. A versatile 
buffer direct injection (BDI) circuit has been conceived with 
several innovative features: 1) low single supply voltage 
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(VDD=l .8V) and uses an amplifier with a very low quiescent 
current (1 PA); 2) low input resistance (<lkQ) this in spite of 
the very small input currents achieved by the injection 
amplifier which has a high GB; 3) incorporates a compact 
current memory cell for background compensation; 4) 
utilizes a shared buffer amplifier to minimize area for the 
purposes of time-delay integration (TDI). The TDI technique 
integrates the current from each pixel over several periods. 
This allows the integration to take place over a longer time 
giving a more reliable output. The TDI technique reduces the 
noise by a factor .IN where N is the number of integration 
periods per pixel [6]. The current memory cell is used for 
background compensation. This is required to prevent the 
dark current from being integrated along with the 
photocurrent signal. This allows the utilization of a smaller 
integrating capacitor and improves dynamic range. 
A. Bzflfered Direct Injection Circuit Design 
The scheme of a buffered direct injection readout unit 
cell is shown in Figure 1. The IR diode is modeled as a 
current source in parallel with a shunt resistance Ro and a 
shunt capacitance Co. Transistor M1 is used as a current 
buffer to pass the diode photocurrent to the integrating 
capacitor. In order to achieve high current efficiency from 
the diode it is required that the input impedance, Rx, be 
much less than Ro. A practical problem in direct injection 
readout circuits is that with extremely small input currents, 
the input resistance of MI in the common gate configuration 
(given by Rin = llgm) can take very high values (Rin 
-10MQ). This can lead to very poor current efficiency and 
low dynamic range. Amplifier A is used to accurately set the 
voltage Vx used as the photodiode bias voltage. With very 
little fluctuations in Vx, amplifier A establishes a virtual 
ground in which the photodiode can efficiently inject current. 
Buffer BA serves all the amplifiers in a large array of unit 
cells. Other approaches attempt to generate a low impedance 
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Figure 1. Unit cell readout using Buffered Direct 1n.jection scheme 
Figure 2. CMOS implementation of buffer BA and amplifier A. 
common source node using a conventional voltage follower. 
This is highly inefficient since the voltage follower requires 
very high bias current and large transistor sizes in order to 
generate a very low impedance node with impedance Rz = 
llg,,. This problem is solved by the inclusion of the compact 
and low power buffer BA which offers two orders of 
magnitude lower output impedance than a conventional 
voltage follower: Rz = l/(gm(gmro)). The shared buffer 
conserves area by sharing BA with all the amplifiers and 
reducing the hardware requirements for amplifier A. Figure 2 
shows the configuration of buffer BA and amplifier A. 
B. Implementation of BzIffer BA and Amplifier A 
The buffer BA is implemented using a flipped voltage 
follower and is used as the shared element as it serves all the 
amplifiers A in a readout array. This buffer has an output 
node with a constant voltage VZ = Vbias + VSG. Amplifier A is 
used in the BDI scheme to boost the input conductance (and 
the output impedance) at the source of MI by the gain A. 
Amplifier A is implemented using a single ended folded 
double cascoded amplifier with the source terminal of the 
input transistor MAl connected to the low impedance node 
VZ serving as virtual ground for the source of MAI. Due to 
the double cascoding the open loop gain A has a very high 
value, A = (g,r0)3 =: lo4 - 1 05. This high gain is needed due 
to the very high input impedance (-1OMQ) of MI.  By using 
the buffered injection scheme the input impedance of MI is 
reduced to a value Rx =: RinIA =: 500Q. 
C. Line Output Bzlffer 
The line output buffer, Bout, is required to transfer the 
voltage signal from the small integration capacitor Cint to an 
output bus that has a large parasitic capacitance. It will 
prevent errors in the readout signal due to charge 
redistribution. The output buffer should have the following 
characteristics: 
* Very low static power dissipation 
Very compact circuit 
Very high slew rate so that it is capable of providing 
high dynamic currents to charge the large 
capacitance of the output bus 
* If possible, there should be no DC level shift 
between the input and output buffer terminals. 
One of the two line buffers reported in [8]-[9] is used as 
the line buffer because of the characteristics needed by this 
application. 
D. Czrrreiit Memory Cell with Faulty Diode Detection 
Figure 3 shows the memory cell circuit with faulty diode 
detection. The current memory cell is used for background 
compensation. The most important problems for background 
compensation are the possibly large errors due to charge 
injection when storing very small currents [lo]-[ll]. This is 
due to the fact that with these small currents, transistor M1 
operates either in weak or moderate inversion. This causes 
the drain current to be exponentially dependent on VGS. 
Small changes in VGS introduced by charge injection of 
switch S2 can lead to very large changes in the current 
generated by M1 during the readout phase. In order to 
improve accuracy and make the memory cell less sensitive to 
charge injection errors, the circuits in Figure 4 store an 
amplified version of the background current, IBK, in a 
relatively small transistor M3. Due to its small W L  and 
larger stored current, KIBK, this transistor operates in 
saturation with a relatively large VGS. For this reason it is 
less sensitive to charge injection errors. Operation of the 
current amplified cells is as follows: During the sampling 
phase the current is mirrored with gain K from M1 to the 
branch with M2 and M3 and stored in the form of a voltage 
VGs5 at CMEM. During the readout phase the direction of the 
mirror reverses. The current generated by M3 is now 
mirrored from M2 to MI with gain 1/K and subtracted from 
the 
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Figure 3. Amplified storage cell using gain K mirror 
diode current IDMI=IBK+I~D. The cell also incorporates 
circuitry for faulty diode detection. A high is generated at 
terminal FLT in case I B + I ~ ~ ~ .  This indicates that the 
photodiode has an abnormal high background current (or low 
impedance) and it is for this reason considered a faulty 
diode. If a high is detected signal FLT can be used to disable 
the diode from the array. 
Simulations have been done using the integrated circuit 
design environment "Cadence." The design was done using 
0.5pm CMOS (AMI-MOSIS) technology. All PMOS 
transistors were sized at 13/1 and all NMOS transistors were 
sized at 5/1 except for the switches, which have minimum 
feature sizes. Figure 4 shows the voltage across the 
integrating capacitor with an input photodiode current of 10 
nA. The linearity of the current to voltage conversion is 
shown in Figure 5. Figure 6 shows the layout of the circuit 
which has four main sections representing four cells in the 
BDI scheme. 
m ~ c ~ e  wtcar-tsnutnutie2 ~chsm.,t(c . act 5 i 6 ; 5 ~ 6 2  zaw. 
lrittgroled Voltage HYI 0 PhatOdlode Cunrrit d 5 nA Vdd = 6.0 
- 
- 1 3  I I . .  . . , . . , I_. . , . . . . ,  
Figure 4. Integrated Voltage of one cell over four clock periods. 
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Figure 5. Integrated Voltage as a hnction of Photodiode 
current. 
kigure 6. Layout of BDI implementation. 
IV. CONCLUSIONS 
The focus of the project is on developing low voltage, 
compact and high performance circuits for the BDI 
approach. Some innovative features were proposed: 
utilization of a new a very high gain amplifier with high GB, 
current memory cells that are less sensitive to charge 
injection errors, and compact class AB line buffers with high 
slew rate and very low static power dissipation. The 
simulations performed show a very good linear relationship 
between the photodiode current and the integrated voltage. 
This circuit was done with low power requirements (1.8V 
supply and 1 pA bias current). The circuit is currently under 
fabrication with the 0.5pm CMOS (AMI-MOSIS) 
technology. 
REFERENCES 
[I] B. Pain and S. K. Mendis, "Low Power Low-noise analog Circuits for 
on-focal signal Processing of Infrared Sensors," SPIE, Vol. 1946, 
Infrared Detectors and Instrumentation, 1993, pp. 365-374 
[2] E.R. Fossum and B. Pain, "Infrared Readout Electronics for Space 
Science Sensors: State of The Art and Future Direction, SPIE, Vol. 
2020 Infrared Technology XX, 1993, pp. 262-285 
[3] G. Finger and J.W. Beletic, ,"Review of the State of the Art of 
infrared Detectors in retrospect of the June 2002 Workshop on 
Scientific Detector for Astronomy 
[4] C.C. Hsieh, C.Y. Wu, T. P. Sun, F.W. Jih, and Y.T. Cheng "High- 
Performance CMOS Buffered Gate Modulation Input (BGMI) 
Readout Circuits for IR FPq" IEEE Journal of Solid State Circuits, 
Vol. 33, No. 8, August 1998 
[5] C.C. Hsieh, C.Y. Wu, T. P. Sun, F.W. Jih, and Y.T. Cheng "Focal 
Plane Arrays and CMOS Readout Techniques of Infrared Imaging 
Systems, " IEEE Transactions on Circuits and Systems for Video 
Technology, Vol. 7 ,  No. 4, August 1997, pp. 594-605. 
[6] R.J. Martin, G.E. Riley, "Time Division Multiplexed Time Delay 
Integration, SPIE, Vol930, Infrared Detectors and Arrays," 1988, pp. 
26-43. 
[7] F.K. Tsai and H.Y Huang, "A Time Delay -Integration CMOS 
Readout Circuit iko iR Scanning, 2002 IEEE 
[8] Jaime Ratnirez-Angulo, Sheetal Gupta, Ramon Carvajal, and [lo] B. Pain and E.R. Fossum, "A Current Memoly cell witli Switch 
Antonio Lopez-Martin", New Improved CMOS Class AB Buffers Feedthough Reduction by Error Feedback," IEEE Jorrrnal of Solid 
Based on Differential Flipped Voltage Followers," IEEE State Circuits, vol. 29, No. 10, October 1994, pp. 1288-1290 
International S'l~~iposiurn on Circuits and Systenu May 21-24 2006, 
~ 1 1 1  I),+ woo, S.G. K~~~ and H,C, L ~ ~ ,  " ~ ~ ~ ~ l  currelit ~~d~ 
Kos, Greece Background Suppression fro 2-D LWIR Applications, IEEE 
[9] J. Ramirez-Angulo, A. J. Lopez-Martin, R. G. Cawajal, A. Torralba Transactiota on Circuits and S~~steins 11, Vol. 52, No. 9, September 
and M. Jimenez, "Simple Class AB voltage follower with slew rate 2005, pp. 606-610 
and bandwidth enhancement and no extra static power or supply 
requirements, "Electronics Letters, vol. 42, No. 14 , pp. 784-785. 
